The present paper deals with the male meiosis of 17 species covered under 11 genera of the family Poaceae. Three species: Cynodon dactylon (n=8), Sporobolus diander (n=9) and S. helvolus (n=9) are the new cytotypes from world. Further, five species i.e., Avena fatua, A. sativa, C. dactylon, Lolium temulentum var. temulentum and Phalaris minor show anomalous meiotic behavior with the presence of cytomixis, chromatin bridges, laggards, secondary associations and interbivalent connections which lead to low pollen viability.
The present study is in continuation of our previous work on the cytology of grasses of Haryana and adjoining Shiwalik hills (Gupta et al. 2017) . Poaceae is the largest family of Monocots. It includes 700 genera and 11000 species from world (Chen et al. 2006) , of which 250 genera and 1275 species have been reported from India (Bor 1960) . Family has immense economic importance and also exhibits lot of cytological variations due to hybridization, chromosome repatterning, intraspecific and interspecific polyploidy and aneuploidy.
The research on the cytology of monocots including grasses had been undertaken by the various workers of the Department of Botany, Punjabi University, Patiala (see Gupta et al. 2014 , Kaur and Gupta 2016a , 2016b , Gupta et al. 2017 ). The present study covers the cytology of 17 species falling into 11 genera of the Poaceae. The chromosomal data is compiled and analyzed on population basis which could be further used for cytotaxonomic and phylogenetic research. It is attempt on cytological investigation of grasses from Haryana and Shiwalik hills. The chromosomal data is compiled and analyzed on population basis which could be further used for cytotaxonomic and phylogenetic research.
Materials and methods
During the present meiotic analysis, young inflorescences were collected from different localities of Haryana and Shiwalik hills (Table 1) , and fixed in Carnoy s fixative (alcohol : chloroform : acetic acid in 6 : 3 : 1 v/v) for 24 h. After that these were transferred to 70% alcohol for further preservation. Meiotic studies were carried out by preparing smears of pollen mother cells (PMCs) in 1% acetocarmine. Photomicrographs of chromosome were obtained from freshly prepared slides using Leica Qwin and a Nikon 80i Eclipse microscope. Pollen fertility was estimated by their stainability in 1% glycero-acetocarmine. Well stained pollen grains were considered as fertile and shriveled or with unstained nuclei as sterile. Voucher specimens are deposited to Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results and discussion
Presently, 17 species belonging to 11 genera of Poaceae have been worked out cytologically. The information regarding the meiotic chromosome numbers (n), locality with accession numbers (PUN), pollen fertility, ploidy level, previous chromosome reports from India and remarks on meiotic behavior are given in Table 1 . The results on species with new meiotic chromosome report and those showing abnormal meiosis only been further discussed in detail.
In Avena fatua L., during the present study, hexaploid cytotype with abnormal meiosis has been observed. It shows 21 bivalents at diakinesis, 21 : 21 chromosomes distribution at anaphase I (A-I) (Figs. 2 and 3) . Various meiotic anomalies such as un-oriented bivalent at metaphase I (M-I) (Fig. 4) ; cytomixis at prophase-I and M-I (Figs. 5 and 6); chromatin bridges at A-I (Fig. 7 ) and laggards at early and late telophase I (T-I) (Figs. 8 and 9) have been observed. The frequency of 0-5 unoriented bivalents at M-I varies from 5.6-24.1% PMCs; cytomixis 21.7-31.5% PMCs; chromatin bridges 5.6-45.9% PMCs and laggards 10.7-16.6% PMCs (Table 2) . These meiotic abnormalities lead to the low pollen fertility and heterogenous sized pollen grains (Fig. 10) . The species confirms the previous reports from India and outside. Besides this hexaploid cytotype, the species is also reported with diploid and tetraploid cytotypes (Table 1) .
A. sativa L.: Presently, the species shows 21 bivalents at diakinesis (Fig. 11) . The meiotic behavior is found to 18: Gupta and Srivastava 1970 , 18, 18+0-3B, 36: Tripathi et al. 1977 , 18, 18+0-3B, 36, 54: Malik 1966 , 18+1-3B, 36, 54: Malik and Tripathi 1968 , 27: Gupta and Srivastava 1970 , Christopher and Abraham 1974 , Kuumar and Sachdeva 1988 , Sinha et al. 1990 , 27, 36: Sachdeva and Bhatia 1980 , 36: Malik 1966 , Malik and Tripathi 1968 , Mehra et al. 1968 , Mehra and Sharma 1975 , Kalia 1978 , Sharma et al. 1978 , Mehra 1982 , Bir et al.1987 , Koul and Gohil 1987 , Sinha et al. 1990 , Singhal et al. 2014 , 36+0-2B: Tripathi et al. 1977 , 36, 40: Mehra et al. 1968 , 30, 36, 40: Malik and Tripathi 1968 P-1 50475 Dharampur, Solan 1350 8 (Fig. 18 ) 2x 82.9 Cyt-B (n= 9) P-2 50476 Barara, Ambala 272 9 (Fig. 19 [12] [13] [14] . Pollen fertility is found to be very low. From India, only hexaploid cytotype is reported, whereas from outside India besides this cytotype, other polyploid and aneuploid cytotypes area also reported (Table 1) .
Cynodon dactylon (L.) Pers.: During the present study, three cytological races with n=8, 9 and 18 have been detected from the study area . The diploid cytotype with 2n=16 is a new chromosome report for the species with normal meiosis, whereas the other cytotypes with 2n=18 and 36 confirms the previous reports ( 14: Mehra and Sunder 1969 , 28: Christopher and Abraham 1971 , Mehra and Sharma 1975 , Parkash 1979 , Mehra 1982 , Koul and Gohil 1987 , Kaur et al. 2010a , Gupta et al. 2014 cytotype is found to be abnormal with the presence of laggards (10.4% PMCs in P-4, 9.75% PMCs in P-5) and chromatin bridges (12.9% PMCs in P-4, 9.78% PMCs in P-5) ( Table 2 ; Figs. 21 and 22 ). The species shows well developed polyploid (2x, 3x, 4x and 6x) and aneuploid cytotypes. Lolium temulentum Linn. var. temulentum: Presently, both the studied populations show diploid chromosome count with seven bivalents at M-I (Fig. 23) . Meiosis is quite abnormal due to the presence of cytomixis (13.8-17.2% PMCs); chromatin bridges (8.19-12.5% PMCs) and laggards (14.8-5.35% PMCs). The pollen fertility in the two populations is 59.2 and 44.7% PMCs (Table  2, . Besides, the diploid cytotype, tetraploid cytotype is also reported.
Phalaris minor Retz.: During the present study, tetraploid chromosome count with 14 bivalents at M-I (Fig.  29) has been observed. Further, the meiotic course in all the populations was found to be abnormal. The number of quadrivalents per PMC varies from 0-3 (Fig. 30) . The overall frequency of the quadrivalents comes out to be 0.54 per PMC. Various meiotic abnormalities such as interbivalent connections (Fig. 31) ; unoriented bivalents (10.8-27.3% PMCs); cytomixis (14.5-19.3% PMCs); secondary associations (23.5-29.6% PMCs); laggards (16.9-27.3% PMCs) and chromatin bridges (5.1-10.1% PMCs) are observed (Table 2) . Microsporogenesis is found to be normal. Already, the species is known with the same chromosome number (Table 1) .
Sporobolus diander (Retz.) P. Beauv.: During the present study, two cytotypes with n=9 and n=18 have been observed (Figs. 39 and 40) . The present report of diploid cytotype (n=9) is a new euploid cytotype for the species from world. Already, the species is known with 2n=24, 36 and 54 from India.
S. helvolus (Trin.) T. Durand & Schinz.: Presently, a large number of PMCs at M-I confirm the presence of n=9 (Fig. 41) . Meiosis is found to be normal with high pollen fertility ( Table 1 ). The present chromosome report of diploid cytotype is a new euploid cytotype for the species from world. Already, the species is reported with many other cytotypes (2n=16, 20, 28, 30, 32 and 36) Different meiotic chromosome numbers (n=7, 8, 9, 10, 14, 18, 20 and 21) have been observed during the present study. Ploidy level varies from 2x to 6x, out of which 4x is the most common recorded in nine species, followed by 2x in eight species based on basic chromosome numbers x=7, 8, 9 and 10. Out of the 17 studied species, five species (one diploid and four polyploids) showed abnormal meiotic behavior which includes cytomixis, secondary chromosomal associations, interbivalent connections, chromatin bridges and laggards, resulting into the pollen sterility and heterogenous sized pollen grains.
Cytomixis is the phenomena of chromatin/chromosome transfer between the neighboring meiocytes through cytoplasmic channels and or intercellular bridges (Bione et al. 2000 , Li et al. 2009 . It is reported in number of angiosperm species (Malallah and Attia 2003) . According to Haroun (1995) , it is more prevalent in apomicts and aneuploids or even among polyploids (Semyarkhina and Kuptsou 1974) . Some of the workers (Srivastav and Raina 1980, Zheng et al. 1987) considered it as one of the mechanisms for evolution. Earlier cytomixis has been reported in some of the grass species (Basavaiah and Murthy 1987, Koul 1990 (Brown 1972) . Further, unoriented bivalents have also been observed. These may be formed due to the impaired attachment of kinetochore or late terminalization of chiasmata (Pagliarini 2000) . Secondary associations are the loose associations of chromosomes without chiasma formation. Presently, these are observed only in P. minor. This type of meiotic abnormality was reported in Avena species (Baptista-Giacomelli et al. 2000 , Sheidai et al. 2003 . However, lack of correlation between meiotic abnormalities and pollen viability has been reported in Brachiaria brizantha (Mendes-Bonato et al. 2009 ). These meiotic abnormalities gradually lead to pollen sterility. 
